The aim of the study was to determine the influence of adenovirus infection on the replication of Marek's disease virus vaccine strain Rispens/CVI988 during in vitro co-infection studies. Adenovirus field strain JN-5/10j was isolated from sick chickens. The study was conducted in chicken embryo fibroblast cultures (CEF). Monolayers of CEFs were infected with Rispens strain and field adenovirus strain JN-5/10j with different doses (10 1.0 -10 3.0 TCID 50 ) in the following manner: a) simultaneously, b) first, infection with Rispens strain and after 24 h infection with adenovirus strain JN-5/10j and c) infection with adenovirus strain JN-5/10j 24 h before infection with Rispens strain. After 18, 24, 48, 72, and 96 h of incubation, the copy number of the pp38 gene of Rispens strain was determined using Real-time PCR. The results indicated that the Adenovirus infection before the infection with Rispens strain reduced the replication of the pp38 gene after 48 h by 2 log 10 .
Introduction
Marek's disease virus (MDV) belongs to the Herpesviridae family and is the aetiological agent of Marek's disease (MD) which causes tumoral lesions in affected chickens (Tian et al. 2012 ). Marek's disease has been reduced by prophylactic vaccinations for over 40 years. Monovalent vaccines based on the FC126 HVT strain or Rispens/CVI988 strain and Correspondence to: J.S. Niczyporuk, tel.: +48 88 188 93 056 bivalent vaccines based on both of these strains have been widely applied in MD cases.
Nowadays, we observe an increase in the number of MD cases in birds. Despite the fact of vaccination, the clinical signs and lesions specific for MDV have been confirmed in birds co-infected with fowl adenoviruses (FAdV), which are ubiquitous viruses commonly existing in poultry flocks (Hess 2000 , Grgić et al. 2006 , McConnell and Fitzgerald 2008 . The effect of fowl adenovirus field strain infection on the replication of turkey herpesvirus FC 126 (HVT) vaccine strain in chicken embryo fibroblast cultures has been already determined (Niczyporuk et al. 2012) .
The pathogenic role of adenoviruses is not clear sufficiently. Adenovirus infections may cause the clinical form of diseases such as inclusion body hepatitis (IBH) (Singh et al. 2006) , hydropericardium syndrome (HP) (Geanesh et al. 2002) , haemorrhagic enteritis virus (HE) (Hess et al. 1999 , Mazur-Lech et al. 2009 ), Egg drop syndrome (EDS) (Dhinakar et al. 2003) or gizzard erosion and ulceration (GEU) (Okuda et al. 2006) . Such infections play an important role in polietiological infections of the respiratory and digestive tract (Hess 2000, McConnell and Fitzgerald 2008) or may proceed without any clinical signs of infection. They may be the reason for immunodeficiency in affected birds (Naeem et al. 1995 , Shivachandra et al. 2003 , Schonewille et al. 2008 .
Adenoviruses are icosahedral non-enveloped double stranded DNA viruses about 70-90 nm in diameter (Chiocca et al. 1996, McConnell and Fitzgerald 2008) . The virus capsid consists of 252 capsomers. A capsomer is a trimer of hexon proteins. The main protein of the virus is encoded by the hexon gene with molecular weight about 103 kDa (Roberts et al. 1986 , Payet et al. 1998 . This is the main protein, which determines the function and antigenic properties of the adenoviruses. The size of the protein depends on the species and serotype of the virus and is between 930-950 aa (Chiocca et al. 1996, McConnell and Fitzgerald 2008) .
The aim of the study was to determine the influence of adenovirus infection on the replication of Marek's disease virus Rispens vaccine strain during in vitro study.
Materials and Methods
Chicken Embryo Fibroblast Cultures (CEF). CEFs were prepared from 9-11-day-old SPF chicken embryos (Lohmann, Germany) according to the standard procedure. Eagle's growth medium MEM (Gibco, Scotland) supplemented with 10% of fetal bovine serum and 0.1% of antibiotic mixture (Antibiotic -Antimycotic, Gibco, Scotland) was used as a growth medium. The maintaining medium consisted of MEM with 0.1% of antibiotic antimycotic mixture. A monolayer of CEFs was received after about 18-24 h of incubation at 37.5 o C and 5% CO 2 . FAdV reference strain. The reference FAdV strain, which belongs to the serotype FAdV-7 was acquired as a lyophilisate from a commercial company (Charles River Laboratory, USA), and was used as a positive control in Real-time PCR.
Adenovirus field strain. Field adenovirus strain JN-5/10j representing serotype FAdV-7 was derived from 7-week-old chickens with MDV infection. Based on the phylogenetic analyses of the L1 fragment of the hexon gene, the JN-5/10j strain was classified as serotype FAdV-7. The 3 rd passage of the strain with the titre (10 1.0 -10 3.0 ) was used for the infection of CEFs. MDV vaccine strain. Marek's disease virus Rispens/CVI988 strain derived from commercial vaccine (Mérial, France) was used.
Experiment setup and sample collection. CEF monolayers were infected with Rispens strain at a dose of 10 3.0 TCID 50 and co-infected with different doses of adenovirus strain JN-5/10j (10 All CEFs used as a positive control for adenovirus JN-5/10j and Rispens strain were also performed in triplicate.
After 18, 24, 48, 72, and 96 h of incubation, infected CEFs were observed and all samples were collected.
DNA extraction. Extraction was performed using DNA Mini Kit (Qiagen, Germany) according to the standard procedure. Total cellular DNA was extracted directly from CEFs infected with adenovirus field strain and Marek's disease virus vaccine strain. DNA was also extracted from non-infected CEFs as a negative control. As a positive control DNA from adenovirus and Rispens strains were isolated from infected CEFs. DNA samples were stored at -20 o C for the next tep of the experiment.
Primer and probe design. Primers for amplification of the pp38 gene of Rispens vaccine strain were designed using GenBank database and Primer 3 software. Forward and reverse primer sequences were as follows: for the pp38 gene of Rispens: pp38-F 5' CCC CAT CTG CTT CAT ACC AT 3', pp38-R 5' GTG ATG GGA AGG CGA TAG AA 3' and the Taqman probe -5' CCA CCG TGA CAG CCA CTC TC 3', respectively. The fluorogenic probe was labeled with reporter: 6-carboxyfluoroscein (FAM) at the 5' end and with tetramethylcarboxyrhodamine (TAMRA) as a quencher at the 3' end of the sequence.
Specific oligonucleotide primers were designed also for the adenovirus strain using GenBank database and Primer 3 software. The primers were used to amplify the 93 bp region of the hexon loop L1 gene of the adenovirus belonging to serotype 7 of FAdV. The primers were synthetized at the Institute of Biochemistry and Biophysics at the Polish Academy of Sciences. The sequences of nucleotide primers were: FAdV F JSN: 5'AATGTCACNAC-CGARAAGGC 3' and FAdV R JSN: 5'CBGCBTRCATGTACTGGTA 3'.
Real-time PCR for the identification of pp38 and hexon genes. Reaction was conducted using QuantiTect PCR Probe (Qiagen). The final volume of the master mix was 25 μL and contained: 2.5 μL of 2x QuantiTect Probe PCR Master Mix, 1 μL (0.4 μM) of each primer for the pp38 gene of Rispens vaccine strain, or 1 μL (0.4 μM) of each primer for the hexon gene of adenovirus field strain, 0.1 μL (0.02 μM) Taqman probe for the pp38 gene and 5 μL of deionised water. The reaction was carried out in plastic 96-well plates. As the negative control DNA isolated from non-infected CEFs was used. Two microliters of tested DNA template were added to each well. The conditions for the identification of the pp38 gene were as follows: The quantity of pp38 gene copy number was analysed using computer software (Applied Biosystems, Version 2.0.1) on the basis of standard curves.
The presence of the FAdV hexon gene was analysed using Applied Biosystems 7500 system software.
Plasmid standards. pPP38 plasmids were constructed by cloning the 188 bp fragment of the pp38 gene into the pGEM-T Easy Vector (Promega, US) and Blue/White X-Gal/IPTG selection. pPP38 was then amplified in E.coli (DH5α) (Invitrogen, US) in liquid LB medium with the addition of 100 μg/ml ampicillin in 37 o C Max 4000Q apparatus (Barnstead/Lab-line). Extraction of plasmid DNA was performed from 10 ml of liquid 18 h culture of E.coli (DH5α) cells using Plasmid Maxi Kit (Qiagen, Germany).
Quantification of the pp38 gene copy number. This method was evaluated for the quantity of pp38 gene exact copy number in examined samples using standard curve in Applied Biosystems software (Version 2.0.1). Quantification of the viral copy number was performed according to the previously described procedure (Baigent et al. 2005) . On the basis of serial ten-fold dilutions of pPP38 from 10 2.0 to 10 5.0 DNA copies/1 μL, 4 point standard curves were prepared and used for pp38 MDV gene copy number calculation. The fluorescent curve indicated the amplification of specific fragments for examined genes.
Statistical analysis. Statistical differences between the average copy number of the pp38 gene in coinfected CEFs and the control -single infection of CEFs were calculated by Student's t-test. The significance value was set as P<0.05.
Results
During the first trial with simultaneous infection the copy number of the pp38 gene of Rispens strain was determined between 10 9.5 at 18 h to above 10 11.0 copies at 96 h of incubation during infection with FAdV strain with 10 1.0 TCID 50 dose. From 18 h untill 96 h of incubation, the copy number of the pp38 gene was determined to be from 10 10.0 to 10 11.0 in CEFs infected with 10 2.0 TCID 50 of FAdV field strain, and in the case of 10 3.0 TCID 50 dose of FadV the copy number of pp38 ranged from 10 9.0 to 10 10.5
. The replication of Rispens strain alone in the control cultures showed a slightly lower copy number from 10 7.0 after 18 h p.i. to 10 10.0 after 96 h of incubation (Fig. 1) . The results indicated a lack of significant difference between the copy number of the pp38 gene of Rispens strain in examined samples and the control samples (P>0.05).
Similar results were obtained in the second trial when CEFs were infected with Rispens strain, then after 24 h with FAdV strain. The copy number of the pp38 gene of Rispens ranged from 10 9.2 at 18 h of incubation to 10 11.5 copies at 96 h of incubation with the FAdV strain at a dose of 10 1.0 TCID 50 . Infection with FAdV strain at a dose of 10 2.0 TCID 50 resulted in the pp38 copy number ranging from 10 8.5 to 10 11.0 . During FAdV infection at the 10 3.0 TCID 50 dose, the copy number of the pp38 gene was between 10 8.5 and 10 9.5 copies. Similarly to the previous experiment, the replication rate of Rispens strain in control CEFs without FAdV was slightly lower than in coinfected cultures. The results are presented in Fig. 2 . During these trials statistical analysis was done. The mean copy number of the pp38 gene in the examined samples and control samples was not significantly different (P>0.05). Adenovirus infection after herpesvirus infection had a small influence on the replication of the pp38 gene in the examined samples.
During the third experiment, in contrast to the previous trials, a negative influence of the adenovirus strain on the replication of Rispens strain was observed. The copy number of the pp38 gene was from 10 5.5 to 10 6.0 during the replication of this strain with different FAdV doses. The replication was inhibited by FAdV strain. The copy number of Rispens strain within the control culture reached from 10 6.0 to 10 7.5
and was higher by 0.5 to 2 log 10 in 96 h. The results are presented in Fig. 3 . There were statistically significant differences between the pp38 copy number in groups after dual infection and the control group (P<0.05). Adenovirus infection before herpesvirus infection had an influence on the Rispens strain pp38 gene copy number.
Discussion
Coinfection with two viruses from the same and different strain or species occurs on all levels of evolutionary organisation, starting from Archea infected with several phages, to plants, and animals (for example Adeno-Associated Virus which needs a coinfection with adenovirus or herpesvirus) (Buller et al. 1981 , Goncalves 2005 . Organism infection with only one virus is an obvious approach during laboratory study, but this rarely occurs in nature. The effect of viral infection such as a change in the cell's genome, modification of cell receptors, and interference with the organisms' immunological system, may affect the course of another virus infection. In addition, asymptomatic infections play a role as a background for all future infections.
The previous study on the interactions between fowl adenovirus representing serotype 7 of FAdV and turkey herpesvirus FC 126 conducted in CEFs indicated that infection with adenovirus lowered replication of FC 126 (HVT) in CEFs (Niczyporuk et al. 2012) . The study of these interactions allowed us to deduce the influence of adenovirus infection in birds vaccinated against MD. The results may indicate the inhibition of the replication of Marek's disease virus vaccine, Rispens strain, which may occur in cases of adenovirus infections in birds, thus influencing the effectiveness of immunoprophylaxis.
Other studies indicated that virulent strains of adenoviruses FAdV-4 have a predilection for the lymphoid tissues (Dhinakar et al. 2003 , Tian et al. 2012 . The immunosuppressive influence of adenoviruses on the immune response of birds has been observed with different virulent adenovirus strains (Samorek--Salamonowicz 1986, Saifuddin and Wilks 1992) .
In contrast, a pathogenic course of adenovirus infection can be induced by co-infection with another virus or previous immunosuppression, as presented in studies on FAdV and chicken anemia virus (CAV) coinfection (Toro et al. 2000) . Furthermore, previous studies showed that the infection of adenovirus-infected cells by herpesvirus may lead to inhibition of adenovirus-RNA synthesis decreasing the rate of adenovirus protein synthesis (Spector and Pizer 1978) .
Our results showed the significance of simultaneous adenovirus and herpesvirus infection on the copy number of the pp38 gene specific for Rispens strain vaccine. As shown by Lappalainen (2012) the risk of intestinal intussusceptions of young children caused by HHV-6 occurs in the presence of other viruses.
The aim of this study was to clarify if the observed Marek's disease virus infections in poultry flocks vaccinated against MD, might be related to adenovirus infections, which commonly coexist in the environment and may decrease the effectiveness of vaccination. The in vitro results were useful for the analysis of the influence of adenovirus field strain on the replication of Marek's disease virus Rispens strain vaccine.
Conclusion
The results indicate that CEF cultures which have been infected by adenovirus strain and then 24 h later by a vaccine strain reveal that the adenovirus strain lowered the replication of Rispens vaccine strain by about 2 log 10 . In other trials the inhibition was not observed.
The influence of Rispens vaccine strain on the replication of adenovirus field strain JN-5/10j was not observed. The obtained results will be confirmed during in vivo studies on chickens.
